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Land cover change and hydrologic response

Introduction | In this exercise you will investigate the manner in which land cover changes ove
year period have affected rungfirocesses in SE Arizona.

Goal To familiarize yourself with AGWA and the various uses and limitations of hydrol
modeling for landscape assessment.

Assignment | Run the SWAT model on a large watershed in the San Pedro River Basin and th
KINERCAEModel n a small sutbasin using 1973 and 1997 NALC land cover.

A Short Introduction to Hydrologic Modeling for Watershed Assessment

The basic tenet of watershed management is that direct and powerful linkages exist among spatially
distributed watershed propertis and watershed processes. Stream water quality changes, especially
due to erosion and sediment discharge, have been directly linked to land uses within a watershed. For
example, erosion susceptibility increases when agriculture is practiced on relatioefyslopes, while
severe alterations in vegetation cover can produce up to 90% more runoff than in watersheds unaltered
by human practices.

The three primary watershed properties governing hydrologic variability in the form of raimfeiff
response ad erosion are soils, land cover, and topography. While topographic characteristics can be
modified on a small scale (such as with the implementation of contour tillage or terracing in agricultural
fields), variation in watershedcale hydrologic respongkrough time is primarily due to changes in the
type and distribution of land cover.

Watershed modeling techniques are useful tools for investigating interactions among the various
watershed components and hydrologic response (defined here as rainfaiff and erosion

relationships). Physicallyased models, such as the KINEmatic Runoff and EROSion(Kid#eROS2;

Smith et al., 1995; Semmens et al., 2008; Goodrich et al., 2012; www.tucson.ars.ag.gov/kireros)
designed to simulate the physical procesgmverning runoff and erosion (and subsequent sediment
yield) on a watershed. Lumped parameter models such as the Soil & Water AssessmERWWAD]

Arnold et al., 1998; Arnold and Fohrer, 2005; www.brc.tamus.edu/svea/ useful strategic models for
investigating longerm watershed responsd&.hese models can be useful for understanding and
interpreting the various interactions among spatial characteristics insofar as the models are adequately
representing those processes.

The percentage and location pétural land cover influences the amount of energy that is available to
move water and materials. Forested watersheds dissipate energy associated with rainfall, whereas
watersheds with bare ground and anthropogenic cover are less able to do so. Thetpgecehthe
watershed surface that is impermeable, due to urban and road surfaces, influences the volume of water
that runs off and increases the amount of sediment that can be mowadersheds with highly erodible

soils tend to have greater potential feoil loss and sediment delivery to streams than watersheds with
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non-erodible soils. Moreover, intense precipitation events may exceed the energy threshold and move
large amounts of sediments across a degraded watershed (Junk et al., 1989; Sparks, is38&)ng
these events that humaimduced landscape changes may manifest their greatest negative impact.

The Study Area

These exercises will use the Upper San Pedro River Basin from the Charleston USGS stream gage in
Southern Arizona as the study aredeTSan Pedro River flows north from Sonora, Mexico into
southeastern Arizona (Figure 1). With a wide variety of topographic, hydrologic, cultural, and political
characteristics, the basin represents a unigue study area for addressing a range of seiedtific
management issueJ.he area is a transition zone between the Chihuahuan and Sonoran deserts and has
a highly variable climate with significant biodiversity. The study watershed is approximately 2886 km
and is dominated by desert shrigbeppe, ripariangrasslands, agriculture, oak and mesquite

woodlands, and pine forests. The basin supports one of the highest numbers of mammal species in the
world and the riparian corridor provides nesting and migration habitat for over 400 bird species. Large
changesn the socieeconomic framework of the basin have occurred over the past 25 years, with a shift
from a rural ranching economy to considerably greater urbanization. As the human population has
grown, so too has groundwater withdrawal, which threatens tiparian corridor and the lonterm

economic, hydrologic, and ecological stability of the basin.

Significant land cover change occurred within the San Pedro Basin between 1973 and 1997. Satellite
data were acquired for the San Pedro basin for a serielstafs covering the past 25 years: 1973, 1986,
1992, and 1997. Landsat Mufpectral Scanner (MSS) and Thematic Mapper (TM) satellite images have
been reclassified into 10 land cover types ranging from high altitude forested areas to lowland
grasslands andgricultural communities with 60 meter resolution. The most significant changes were
large increases in urbanized area, mesquite woodlands, and agricultural communities, and
commensurate decreases in grasslands and desert scrub. This overall shifemdicancreasing

reliance on groundwater (due to increased municipal water consumption and agriculture) and potential
for localized largescale runoff and erosion events (due to the decreased infiltration capacities and
roughness associated with the lanolver transition).
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Figurel. Locations of the two study areas within the Upper San Pedro River Basin you will be modeling today. The larger

basin (2886 k) will be modeled using SWAT and drains to the Charleston USGS runoffggagition. This basin

encompasses the smaller watershed (92%mz | 6 St SR KSNB a4 Ga{ASNNI +Aadl 2{dzoél (SN
Upland and channel elements are shown as they may be used in the SWAT simulations, and the upland and laterateleme

(channels are withheld for clarity) used to parameterize KINER@® outlined in the smaller watershed.

Getting Started

Start ArcMap with a new empty mafave the empty map document tagorial_SanPedrdn the
CAAGWAworkspacatutorial_SanPedrd folder (The default workspace location will need to be

created by clicking oklake New Foldeibutton in the window that opens)

TIP Always use a meaningful name to help identify the map document. Map documents can be saved
anywhere, but for project orgamation and to help navigate to the project workspace via the ArcCatalog

window in ArcMap, we suggest saving the map document in the workspace location.
o AGWA Prelerences_

AGWA Home Directory™ COAGWAN

AGWA Temporary Files Directory” CINAGWAtemp®

AGWA Tools -

(W) (W] (W]

Default Workspace location CAAGWA\workspace'tutorial_SanP

“Required [ ok ][ Cancel ][ Heln

If the AGWAToolbaris not visible, turn it on by selectir@ustomize> Toolbars> AGWAToolbaron the
ArcMap Main Menu barOnce the map document is opened and saved, settbme Temp, and
Default Workspacéoldersby selectingAGWATools>Other Options> AGWAPreference®n the
AGWAToolbar.
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1 Home C\AGWA

Temp CAAGWAtemp\

1 Default WorkspaceCA\AGWAworkspacatutorial_SanPedrd
The default workspace location will need to be created by clickingate New Foldebutton
in the window that open# you did not create it when saving the map document eatrlier

=

The Home directory contains all of theleup tables, datafiles, models, and documentation requin
for AGWA to run. If this is set improperly or you are missing any files, you will be presented wit
warning that lists the missing directories or files that AGWA requires.

The Temp directory iwhere some temporary files created by AGWA will be placed. You may w3
routinely delete files and directories in the Temp directory if you need to free up space or are
interested in identifying the temporary files associated with your next AGWA use.

The Default Workspace directory is where delineation geodatabases will be stored by default. T
can be a helpful timesaver during the navigation process if you have a deeply nested directory
structure where you store AGWA outputs.

GIS Data

Before adding data to the map, connections to drives and folders where youadastored must be

Sailloft AAaKSR AT (GKS& KI @S y2G 0SSy It NBIFIRe&d ¢2 Sai
click on theAdd Databutton [*+]-|below the menu bar athe top of the screen. In the Add Data form

that opens, click th€onnect To Folddyutton and select.ocal Disk (C:)

Add Data =50

L - Choose the folder to which you want to connect:
Lookin: (5] Home - Documents\ArcGIS v @ | B S ]

B Home - Documents\ArcGIS

[E5 Folder Connections L Des.ld:op.

[ Toolboxes * |79 Libraries
@Database Servers »| A Shea Burns
@Database Connections 48 Computer

[ GIS Servers
[ My Hosted Services
[l Tracking Connections

4 £, Local Disk (C3)
> L. AGWA
. Basins
* ) HP_Laserlet_Enterprise_500_color_M551 il

Name: Add Folder: Us\UsersYburns

Show of type: l[‘ Layers and Results v] I Cancel I

I Make New Folder I [ OK. ] I Cancel I

Once the folder connection is establishedyigate to theC\ AGWA gisdata tutorial_SanPedrb folder
and add the following datasetnd layers:

1 ..\fairbank.shpg National Weather Service Fairbank raingage
1 .\nalc1973¢ NALC 1973 land cover classification (60m GRID)
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1 .\nalc1997¢ NALC 1997 land cover [ Add Data ;- = =
classification (60m GRID) Lookin:  |£] tutoria_SanPedro Jeh @ Er s aee
1 .\nws_gages.shg Multiple raingages
throughout the basin
1 .\serra.shpg Outlet of the Sierra Vista
watershed for KINERQS
1 .\sp_demc Digital elevation model (30m GRIC
1 .\sp_facgg Flow accumulation (30m GRID)
f .\sp_fdgg Flow direction (30m GRID) Name: farbaric shp; nalc1973; nalc1997; nws_gages.shp; serra.s
1 .\sp_hillshadec Hillshade (30m GRID) showof pe: - [Datasets, Layers and Resuts =
1 .\sp_statsgo.shg STATSGO soils -
1 ..\st2500¢ Streams created from flow accumulation with threshold of 2500 cells (30m GRID)
1 .\uspb.shpg Outlet of the Upper San Pedro watershed for SWAT

You will also need to add some other data to the project. To do this, again click Add Databutton.
Navigate to theCA\ AGWA datafiles\ folder and add the following files:

.\lc_lutsnalc_lut.dbf¢ NALC lookip table for NALC land cover

.\precip\dsgnstrm.dbfg return period rainfall for KINER@S

.\precipisp60_73.dbkg San Pedro rainfall from 1961®73 for all the NWS gages in the basin
T .\wgn\wgn_us83.shpweather generator stations for SWAT

=A =4 =4

To better visualize the different land cover types and associate the pixels with their classification, load a
legend into thenalc1973andnalc1997datasets.To do this, right click the layer name of thalc1973

dataset in theTable of Contentand selecPropertiesfrom the context menu that appearSelect the
Symbologytab from the form that opensin the Showbox on the leftside of the form, seledtnique

( Layer Properties ﬁ1 Import Symbology p— &r
| General I Source I Key Metad I Extent I Display| Symbology | Fields I Joins & Relates
5":' = = Draw raster assigning a color to each value N| Laver: nalc M
Classified
Stretched Value Field Color Scheme
Discrete Color [ ok ] [ C | ]
(vawe - M . - =
Symbol  <VALUE= Label Count = \
D-<all other values> <all other values=
<Heading> =
_— 0 2
[ 1 24009
I : 2 541101
| E 3 96352
- 4 1365901
" ~ [ s 5 1248320
[ & i 8] i
‘ * ﬂ [ Add all Values ] [ Add Values... Remove
—
[ ok ][ cancel || 2opy
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Valuesand click thelﬂl button on the right.Click the file browser button, navigate to and select
CA\AGWA datafiles\renderers nalclyr and click orAdd, and clickOKto apply the symbology and exit

the Import Symbologyform. Click orApply in the Layer Propertieform and then orOKto exit this

form. Thenalc1973andnalc1997datasets have the same legend and classification, so repeat the same
procedure for thenalc1997dataset.

At this point we have all the data nessary to start modelingopography,

soils, land cover, and rainfall. Take a look at the data you have avaulabe Offtmt . h
you to familiarize yourself with the area. Layers can be reordered, turn(; — e |
on/off, and their legends collapsed to suit your preferences @edn up

the displaylf the layers cannot be reordered by clicking and dragginglL-tsteBy Drawing Ordeputton
may need to be selected at the top of tihableOf Contents Zoom back into the San Pedro region by
right-clicking on thenalc1973grid in e list of layers and selectiipom To Layer

Save the map document and continue.

Part 1. Modeling Runoff at the Basin Scale Using SWAT
In this exercise you will create a large watershed in the San Pedro Basin, and use the SWAT model to
determine where he impact of land use change over a 25 year period has been severe.

There are several steps involved in modeling a watersistgAGWA delineaion; discretiation or
subdividingnto model elementsparameteriation oftopographic, land cover, and spiloperties
precipitation definition;writing model input filesmodel execution; and importing results.

Step 1: Delineating the watershed
Delineating creates a feature class that represents all the area dgaioia usesspecified outlet.

1. Perform the waérshed delineation by selectidgGWATools> Delineation Options> Delineate
Watershed
DESCRIPTIQIN the Delineatorform, several parameterare definedincluding the output location
the name of the delineationthe digital elevation model (DEMhe flow direction grid (FDG), the
flow accumulation grid (FACG), the watershed outlet location, and a search radius from the outlet
location which AGWA will use to locate the most downstream location to use as the watershed
outlet.
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r ~
o=l Delineator l = -Eh]

Qutput Location Qutlet ldentification

\Workspace: oﬂ(space"-imoﬁal_SanPedm"-.EJ UserDefined | Point Theme

Select a watershed outlet from a point
Geodatabase: d1 feature class.

Input Grids luspb h I

|DEM [FDG | FACG | Stream Giid |

- 581473.88
A Flow Accumulation Grid (FACG) =
represents the accumulation of runoff for a Y. 3453802 35
DEM. Click Create if it does not exist.

Snap Radius: 0

lsp_facg v] I Create]

[ Delineate | [ Help | [ Close |
LReady 'J

1.1. Output Locationbox
1.1.1. Workspacetextbox: navigate to and select/create

CAAGWAworkspacatutorial_SanPedrd
DESCRIPTIOThe workspace specified is the location on your hard drive where the
delineated watershed is stored as a feature class in a geodatabase.

1.1.2. Geodatabasaextbox: enterdl
NOTE:You will be required to change the name of the geodatabase if a geodatabase with
the same name exists in tieelectedworkspace.
1.2. Input Rastershox
1.2.1. DEMtab: selectsp_dem(do not click Fill)
1.2.2. FDtab: selectsp_fdg(do not click Creta)
1.2.3. FAtab: selectsp_facg(do not click Create)
1.3. Ouitlet Identification box
1.3.1. Point Themdab: selectuspb
1.3.2. Click theSelect Featurdutton [§ andclick and drag talraw a rectangle around the
point.

NOTE:Theselection is restricted to the selected point theniemore than one point
exists in the selected point theme and the drawn rectarigiersects multiple pointsthe
first intersectedpoint in the point theme attribute table will be selected.

1.4. ClickDelineate

1.5. Save the map document and continue.
At this point, AGWAhas delineated the watersheaghich generatesa geodatabase namedl. Inside the
geodatabase, a feature class, also nardédthat represents the delineated watershed has been
created and the sefeted outlet point, whether usedefined or selected from an existing point theme,
will be copied into a separate feature class narmdédpoint

Step 2: Discretizing or subdividing the watershed
Discretizing breaks up the delinegtwatershed into model spéfic elements and creates a stream
feature class that drains the elements
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2. Perform the watershedliscretizationby selectingAGWATools> Discretization Options Discretize
Watershed.
DESCRIPTIOIN the Discretizeform, several parameters are defined including the model to use,
the complexity of the discretization, the name of the discretization, and whether additional pour
points will be used to further control the subdivision of the watershed.

i otl Discretizer - l = B ﬁ1
Delineation:
[dnar -
Delineation Info: A
Model:
[swaT2000 -

Stream Definition Methodology:

[ Thresholdbased -
Threshold-based:

[c5A hectares) -
Threshold:

5200.00 =
Percent Total \Watershed:

315 =
[T Enforee CSA
Internal Pour Points Methodology:
Defaut -
Discretization Name:

dis]

[ Discretize ] [ Help ] [ Close

Ready

2.1. Delineation select d1\d1
2.2. Model: selectSWAT2000
2.3. StreamDefinition Methodology: selectThresholdbased
2.3.1. Thresholdbased selectCSAlectare$
2.3.2. Threshold enter 9200
2.3.3. Percent Total Watershedlo nothing (Note: this value will change when we change the
threshold)
2.4. Internal Pour PointdVlethodology. selectDefault
2.5. Discretization Nameenterd1sl
2.6. ClickDiscretize
2.7. Save the map document and continue.
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Discretizing breaks up the delineation/watershed into model specific elements and creates a st
feature class that drains ¢helementsThe CSA, or Contributing/Channel Source Area, is a threst
value which defines first order channel initiation, or the upland area required for channelized flqg
begin. Smaller CSA values result in a more complex watershed, and largetueéSAegalt in a less
complex watershed. The default CSA in AGWA is set to 2.5% of the total watershetharea.
discretization process created a subwatersheds layer with the rarheatersheds_dlsand a
streams map namesdtreams_d1slin AGWAdiscretizations are referred to with their geodatabas
name as a prefix followed by the discretization name given irbiseretizeform, e.g.d1\d1sl

Step 3: Parameterizing the watershed elements for SWAT

Parameterizinglefines model input parametsrbased on topographic, land cover, and soils properties.
Model input parameters represent the physical properties of the watershedsaadsed to write the
model input files.

3. Perform the element, land cover, and soils parameterization of the watershedlbgtingAGWA
Tools>Parameterization Options Parametrize
3.1. Input box
3.1.1. Discretization selectd1\d1s1
3.1.2. ParameterizationName enter p1973
3.2. Elementsbox
3.2.1. Parameterization selectCreate new parameterization
3.2.2. ClickSelect OptionsTheElement Parameterizeiorm opens.
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o5 Element Parameterizer l = i?—]
o5l Parameterizer =HECH| X Discretization  d1d1s1
Hydraulic Geometry Options
Input
) o Default -
Discretization: di'disl v]
Parameterization Name: p1973 Relationship Name | Defautt
Channel Width (m) =|0.0724 % [Area]” (03377
Elements Channel Depth (m) = 0.0502 152
Parametenization: ICreate new ization - —
Edit
Select Options |
l—mJ 0 Channel Type
Default -
Land Cover and Soils
Parameterization: I -
Hydraulic 210
'fC:-r:L.:ti‘;it',-
(mmih) i pervious Sand
- The selected discretization has existing parameterizations. Existing - ﬁ_:_l-l.;l'rsss 350
parameterization can be copied under a new name by selecting the o Weedy
existing parameterization from the drop down boo. Concrete Rea I'Jss
Channel Description | Default
: Edit
l Help I I Close
Continue I I Help I I Close I
Ready ...
h

3.3. In the Element Parameterizeform
3.3.1. Flow Length OptionsselectGeometric Abstraction
3.3.2. Hydraulic Geometry OptionselectDefault
3.3.3. Channel Typ&ox selectDefault

There argwo channel types available: Natural and Develodéglou do not select either one, or
modify the channel parameters, AGWA defaults to Meural channel type.The Natural channel
type reflects a sandy channel bottom with high infiltration and a winding but clean channel with
roughness setto 0.035Manniigh y @ ¢ KS 5S@Sf 2LISR OKIyySt
I SNRE AYyFAfGNIOAfAGREYT OSNEBR f2¢ NRdAdAKYySaa as
against erosion equal to 1. These values may be edited on the fly when not customizimgel cha
selection. If modified parameter values are desired with a custom channel selection, use the E(
Create buttons with the trackbars or numeric textboxes to create a new channel type before
customizing the channel selection.

3.3.4. ClickContinue You wi be returned to theParameterizerform to create the Land Cover
and Soils parameterization.
3.4. Back in thdeand Cover and Soil®x of theParameterizerform
3.4.1. Parameterization selectCreate new parameterization
3.4.2. ClickSelect OptionsTheLand Cover and Soilsrm opens.
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r

b | F

o-! Parameterizer | e o-! Parameterizer S e

Input Input

Discretization: di'disl - ]

Discretization: di'disl - ]

Parameterization Name: p1573 Parameterization Name: p1573

Elements

Elements
Parameterization: [Create new ion - Parameterization: [Create new ization -
Select Options | o Select Options | o

Land Cover and Soils Land Cover and Soils

Parameterization: [Create new ion - Parametenization: [Create new ization -
Select options | @ Select options | o
- Blement parameterization options recorded successfully - - Land cover & soils parameterization options recorded successfully -

- The selected discretization has existing parameterizations. Exsting
parameterization can be copied under a new name by selecting the
existing parameterization from the drop down box.

- Blement parameterization options recorded successfully

- The selected discretization has existing parameterizations. Existing
parameterization can be copied under a new name by selecting the
existing parameterization from the drop down boo.

[ Help ] [ Close Process ] [ Help ] [ Close

Ready ...

Ready ...

3.5. IntheLand Cover and Soilsrm
f ol Land Cover and Soils [ = i—f f ol Land Cover and Soils [ = i—f

Discretization  d1%d1s1

Discretization  d1%d1s1

Land Cover
Land cover grid: [nalc19?3 V] Soils layer: sp_statsgo -
Look-up table: [nalc_lut V]
[ Continue ] [ Help ] [ Close ] Continue ] [ Help ] [ Close

3.5.1. Land Covetab
3.5.1.1.Land cover gridselectnalc1973
3.5.1.2.Lookup table: selectnalc_lut

NOTE:If the nalc_luttable is not present in the combobox, you may have forgotten
to add the table to the map earlielf this is the case, click on t&ld Databutton
and browse to theC\ AGWA datafiles\Ic_luts\ folder and select thealc_lut.dbf,
then select thenalc_|uttable from the combobox.
3.5.2. Soilstab
3.5.2.1.Soils layerselectsp_statsgo
3.6. ClickContinue You will be retured to theParameterizerform where theProcessutton will
now be enabled.
3.7. In the Parameterizerform, clickProcess

In the last step, arameterization lookup tables for the overland flow elements and stream elements

have been created to store thmodel nput parameters representing the physical properties of the
watershed
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Step 4: Repeat Parameterization for 1997 land cover

AGWA can store multiple parameterizations in the parameterization-igotables Running the
parameterization with a different setf@ptions (element, soils, or land cover) will append data to the
existing lookup tables instead of overwriting them, so the parameterization can be accessed again at a
later time.In a new parameterization, if only one part is different from an exigtengmeterization,

AGWA can copy the parameters from an existing parameterization to save time.

4. Rerun the land cover and soils parameterization of the watershed witi 9#9&land cover by
selectingAGWATools> Parameterization Options Parameterize
4.1. Inputbox
4.1.1. Discretization selectd1\ d1s1
4.1.2. Parameterization Nameenter p1997
4.2. Elementsbox
4.2.1. Parameterization selectp1973
Land cover change is the emphasis of this exercise and no other changes will be made;
because no other options are changing, the elenfgartameterization parameters can be
copied from an existing parameterization.
4.3. Land Cover and Soitsx
4.3.1. Parameterization selectCreate new parameterization
4.3.2. ClickSelect OptionsTheLand Cover and Soilsrm opens.
4.4. InthelLand Cover and Soilesrm
4.4.1. Land Coer tab
4.4.1.1 Land cover gridselectnalc1997
4.4.1.2 Lookup table: selectnalc_lut
4.4.2. Soilstab
4.4.2.1.Soilslayer:selectsp_statsgo
4.5. ClickContinue You will be returned to th®arameterizerform where theProcesdutton will
now be enabled.
4.6. IntheParameterizerform, clickProcess
The parameterization looldp tables now have two parameterizations stored in th&kthen writing the
simulation input files later, you will select which parameterization to write the files for.

Step 5: Preparing rainfall files

AGWAprovides a meanfor preparing rainfall files in SWAGr KINEROf&ady format. For SWAT, the
user must have a dbf file containing thentinuous daily estimates of rainfall for the rain gages within
the study areaDaily minfall data for gages withiand/or surroundngthe watershedare provided to
you in the sp60_73.dbf file.
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When AGWA is used expressly as a hydrologic modeling tool it is critical that the rainfall data b
spatially distributed across the watershed. A large body of literature exists regardinguthal cr
nature of spatially distributed rainfall datln this exerciséowever, we will use a single rain gage tq
generate a uniform rainfall file across all the model elemefids is clearly a huge deviation from
usingdistributed,observed data, but thee is a sound reason for doing so in change detection wol
We are interested in the impacts of land cover change on hydrologic response, but the spatial
variability in rainfall can have confounding effects on the analysis, overwhelming the isolated
change within the subwatershed elementdsinguniform rainfall serves to isolate the effects of
land cover change independent of the rainfall.

5. Write the SWAT precipitation file for the watershed by selecB@WVATools> Precipitation
Options>Write SWAT Precipitation
5.1. SWAT Precipitation Stepfbrm
5.1.1. Watershed Inputbox:
5.1.1.1 Discretization selectd1\ d1s1
5.1.2. Rain Gage Inpubox:
5.1.2.1.Rain gage point themeselectnws_gages
5.1.2.2.Rain gage ID fieldselectNWS ID
5.1.3. Select Rain Gage Point®x

r ~
APACHE POWDER COMPANYBENSON 6 SE ml T — o ES
. COCHISE STRONGHOLDCOCHISE STRONGHC a5l SWAT Precipitation Step 1 |

.SALA RARCH

Watershed Input

Discretization |d‘|"\d1s1 - |
ELGIN 5N
. FAIRBANK 1§ Rain Gage Input
TOMBSTONE
Rain gage point theme ||"WSJE|QES - |
Rain gage |D field | NWS5_ID i |
FORT HUACHUCA .
CANELO 1 NW * SIERRAVISTA-S Select Rain Gage Points
| S
2! Select the rain gage points Reset
A BISBEE 2 WNW Selected Gages
Y LIGHTNING RANCHHEREFORD 3 S
§ %o~ BISBEE 2 22902
.MILLERPEAK L 4
SAN RAFAEL RANCH CORONADO NATL MONUWENT

Elevation Inputs

Use Elevation Bands

Continue | | Help | | Close

Swat Precipitation

5.1.3.1.Click theSelectFeaturebutton to select theFairbankraingage in the view (the
figure, above left, displays the location of the gage). The id nun22802 of the
selected gage will be displayed in t8elected Gage®xtbox.
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5.1.4. Elevation Inputsox:
5.1.4.1.Use Elevations Bandheckbox: leave unchecked.
5.1.5. ClickContinue
5.2. SWAT Uniform Precipitatioform
5.2.1. Write the *.pcp filebox:
5.2.1.1.Selected discretization themel1\d1s1
5.2.1.2.Selected rain gage point themews_gages
5.2.1.3.Selected rain gage ID fieldtN\WS_ID
5.2.1.4.Unweighted precipitation file selectsp60_73.dbf
5.2.1.5.Enter a name for the precipitation fiteenter 22902
TIP Using the gage ID of the selected gage as the filer@anéehelp keep track of
the precipitation files in case other files are ugedcomparisorin different

simulations.
5.2.1.6.ClickWrite.
(42 SWAT Uniform Precipitation [E=EE—)
White the * pcp file
Selected discretization theme: d1hdis1
Selected rain gage point theme: nws_gages
Selected rain gage ID field: NWS_ID
Unweighted precipitation file |SDEB_?3 v| IEl
Enter a name for the precipitation file 22902
[ wie | [ Hlp | [ Close |

** Qptional ** Given a number of rain gages scattered throughout the study area, AGWA will generate a
Thiessen rainfall map and distribute observed rainfall on the various watershed elements using-an area
weighting schemeYou can try using two differésources of rainfall data for SWAT: uniform and
distributed. In this example you will use a single gage (uniform), but you could also try running SWAT
with multiple gages (distributed). In this way you can investigate the impacts of rainfall input on
hydrologic modeling.

The 22902.pcile will be written to theC\ AGWAworkspacatutorial _SanPedrbd1\d1sAprecip..
AGWA will look in thifolder for available precipitation files when writing the model input files.

Step 6 & 7: Writ ing SWAT input files

Writing the model input filesreates a simulation directory and writes all required input files for the
model. When writing the input filesAGWA loops througfeatures ofthe selected discretization and
reads the model parameters from the parameterizatiookup tables to write into the input filekor
the model
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6. Write the SWATinput files by selectingGWATools> Simulation Options> SWAT2000 Options
Write SWAT2000 Input Files

ol SWAT2000 Input Files = L ol SWAT2000 Input Files = eS|
Basic Inputs | Advanced Inputs {optional) Basic Inputs | Advanced Inputs {optional)
Watershed Watershed
Select watershed [d1\-d151 '] Select watershed [d1\d151 v]
Parameterization Parameterization
Select parametization [D13?3 '] Select parametization [913?3 V]
Climate Inputs | Simulation Inputs Simulation Inputs
Weather Generator Simulation Time Period
SelectWGN Theme | Wan_usé3 -] SwrtDate:  Fiday . Januay 01,1960 [+
Selected Station(s) DOUGLAS B D AP End Date:  Wednesday, December 31, 1969 [~

Select the Output Frequency
&) Daily () Monthly @) Yearly

[ Keep Temporary Thiessen/Intersection Files
Simulation Name

Precipitation -
(@) Use observed precipitation Name of Simulstion 1973
22902 =

() Generate precipitation from WGN station

Temperature
(@) Use observed temperature
EAGWAZ datafiles preciphepb0_73tmp

(7) Generate temperature from WGN station

[ Heb | [ Close wirite | [ Heb | [ Close

6.1. Basic Inputdab:
6.1.1. Watershedbox: selectd1\d1s1
6.1.2. Parameterizationbox: selectp1973
6.1.3. Climate Inputdab:
6.1.3.1.Weather Generatobox:
6.1.3.1.1Select WGN Themselectwgn_us83
6.1.3.1.2Selected StationDOUGLAS B D Adrue east of the watershad
6.1.3.1.3Keep Temporary Thiessen/Intersection Filesave unchecked
6.1.3.2.Precipitationbox:
6.1.3.2.1Use observed precipitatim select22902
6.1.3.3.Temperaturebox:
6.1.3.3.1Use observedemperature: click the Folder Browser button to browse to
CA\AGWA datafiles\ precip\ folder and select the temperature file
sp60_73.tmp
6.1.4. Simulation Inputgab:
6.1.4.1.Simulation Time Periothox:
6.1.4.1.1Start Date selectFriday, January 11960
6.1.4.1.2End Date selectWednesday, December 31969
6.1.4.2.Select the Output Frequendyox: selectYearly
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6.1.4.3.Simulation Namebox:enter p1973
This is the simulation name and consequently, if you set names and locations as
specified thus far, willlao be thefolder name the SWAT results are placed in within
the C\AGWAworkspacatutorial_SanPedrdd1\d1sl simulations folder.
6.1.5. ClickWrite.
7. RepeatPart 1, Step 6Writing SWAT input filesvith the p1997parameterization and name the
simulationp1997.

Step 8 & 9: Executing the SWAT model
Executinghe SWAT modalpens a command window where the model is execuigddefault, the
command window stays open so that success or failure of the simulation can be verified.

8. Executehe SWAT model for the UppearsPedro watershed by selectidgsWATools> Simulation
Options> SWAT2000 Options Execute SWAT2000 Model

a2 Run SWAT [E=SR
Select the discretization: | d1\d1s1 M |
Select the simulation: |p15?3 v|
| Run | | Help | | Close |

8.1. Select the discretizatiorselectd1\d1sl

8.2. Select the simulationselectp1973

8.3. ClickRun
A command window will open and show the executiofSBVAT for the 10 year simulation
period. The command window will stay open so that successful completion can be verified.

Press any key to continue.
B C\Windows\system32\cmd.exe | =HEC! -&-]1

E:“AGWAZ“workspacestutorialsstutorial SanPedrolBisdisdisissimulationss\pl?73>swat
2880

SUAT2688
S0il & Water Assessment Tool
PC Version
Program reading from file.cio . . . executing

m| »

Executing year
Executing year
Executing year
Executing year
Executing year

Executing year
Executing year
Executing year

1
2
3
4
5
Executing year g
8
?
Executing year 18

Execution successfully completed

E:“AGWAZ“workspacestutorialsstutorial SanPedroiBisdisdisissimulationss\pl?73>popd|

E:swork~AGWAZ“training & tutorials“tutorial SanPedro“screenshots >pause
Press any key to continue . . . _

8.4. Close theRun SWATorm.
9. RepeatPat 1, Step8: Executing the SWAT modaith the p1997simulation.

Step 10: Viewing the results
After SWAEXxecution is completethe SWAT output files must be imported ildG&WAbefore
displaying the spatially distributed results, such as runoff, infiltration, and other water balance results.
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10. Importthe SWAT results from tH©73 and1997simulatiors by selectingtAGWATools> View
Results> SWAT Results View SWAT2000 Results
10.1.Discretization selectd1\ d1s1
10.2.Simulationtab:

10.2.1. Check boxes fqr1973andp1997
10.2.2. Clickimport/Update

ot AGWA Results [E=RE
Discretization [d1\d151 ']
Frretn Select the simulation(s) you would like to

import or update.

e

Export Tabular Results

Simulations imported, up to date.

Qutput files newer than imported results.
UPDATE (Recommended)
Input files have been updated since last
import. RE-RUN SIMULATION THEN
IMPORT RESULTS {Recommended)

Results imported under older version of
AGWA. UPDATE (Required)

10.3.Experiment with the results visualization tlyoosing different results to display.
10.3.1. View Results (Maplab
10.3.1.1. Simulation selectp1973or p1997
10.3.1.2. Units:selectEnglish

10.3.1.3. Output: selectSurface Runoffin)
10.3.1.4. ClickView.

The results fothe p1973simulation with theSurface Runoff (jnoutput should look
like the image below.
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Step11: Comparing 1973 and 1997 results
In this step, a new set of results representing the differences in SWAT outputs between the 1997 and

1973 land cover classesll be createdDifferencing involves simple subtraction that can be normalized
or left as absolute change.

11. If the AGWAResults form is closed, reopen it §glectingAGWATools> View Resultss SWAT
Results> View SWAT2000 Results
11.1.Discretization selectd1\ d1s1
11.2.CreateDifferencetab
11.2.1. Base Simulationselectp1973
11.2.2. Alternative Simulation selectp1997
11.2.3. Change TypeselectAbsolute
Note the formula used to calculate the new results.
11.2.4. New Name enter p1997-p1973 abs
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11.2.5. ClickCreate

11.3.View the differenced results.
11.3.1. ViewResult§Map) tab:
11.3.1.1. Simulatiorn selectpl997-p1973_abs
11.3.1.2. Units: selectMetric
11.3.1.3. Output: selectSurface Runoff (mm)

11.3.1.4. ClickView.
Negative values indicate where the selected output is predicted to decrease and positive values indicate

where theselected outpuis predicted to increasén this example, any increases or decreases in any of
the selected outputs idue to changes in land cover.

Results of the simulated change in surface runoff resulting from land cover changes are shown below:
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